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SECTION 1. BACKGROUND AND PURPOSE

The purpose of this Avalon Bay Fecal Indicator Bacteria Wasteload Allocation Compliance Plan
(“Compliance Plan”) is to establish the measures that the City of Avalon (“Avalon” or the
“City”) intends to take to satisfy the wasteload allocations (“WLAs”) set forth in the Total
Maximum Daily Load for Fecal Indicator Bacteria for Avalon Bay (the “FIB TMDL”). The
Compliance Plan describes the factual and legal background of the FIB TMDL, assesses the
sources of fecal indicator bacteria at Avalon Bay, describes a range of load reduction options,
establishes an implementation plan and sets forth milestones for achieving the WLAs.

This Section 1 of the Compliance Plan provides the factual and legal background for the
FIB TMDL.

A. Description of the City and the Avalon Bay Watershed.

Avalon is located on Santa Catalina Island, in the County of Los Angeles, approximately
22 miles south-by-southwest of the Los Angeles Harbor breakwater. The City is located in a
valley and fronts on the Pacific Ocean at Avalon Bay. Approximately half of the residential
structures and the City’s entire commercial district have been developed on the flat area facing
Avalon Bay. The remaining residences are on terraced streets rising into the surrounding hills.

The City is oriented around Avalon Bay and its harbor. Crescent Avenue, along which
many of the visitor-serving commercial businesses are located, runs in a crescent shape behind
- the beach at Avalon Bay. Extending out into the center of the harbor is the Green Pleasure Pier.

Avalon Bay is an active recreational boating harbor containing several hundred moorings
and related facilities. Avalon Bay is a no-discharge area, and the City’s harbor patrol officials
operate a dye tab program to verify that boats within the harbor are not discharging to the Bay.

Avalon Bay is located on the southeast side of Catalina Island (area 200 km?), at
approximately 33°20.9’ N, 118°19.5” W (Figure A). The site has a Mediterranean climate typical
of coastal southern California, with warm (17 to 28°C) dry summers and cool (9 to 18°C) wet
winters; an average of 1 to 3 inches of rain falls in a typical month in the wet season, from
November through March.! The Bay experiences 3 to 6 feet mixed-tides that vary in amplitude
with the spring-neap cycle. Beaches within the Bay are sheltered from large waves present on
the open coast, and are characterized by a ratio of tide range to wave height typically >3. Two
breakwaters flank the entrance to Avalon Bay (Figure B). The Cabrillo Mole (or “Mole™),
located at the south end of the harbor, serves as the main dock for cross-channel passenger boats.
At the north end of the harbor is the Catalina Casino breakwater. Despite the presence of these
breakwaters, there is vigorous tidal exchange of water between the Bay and the Ocean, and
significant within-Bay turbulent mixing and advective transport.”

The City is the largest town (area 6.9 km®) on the island with 3,500 year-round residents,

and its primary source of revenue is tourism. On a typical summer day 17,500 tourists arrive via
ferry, cruise ship, or personal vessel, and up to 400 vessels are moored in Avalon Bay.

-65059.00204\7630634.6 -1-



The City owns and operates (through a contract with Environ Strategy Consultants, Inc)
a publicly owned treatment works (“POTW™) and related collection system to serve the City’s
wastewater needs. The POTW is located at 123 Pebbly Beach Road, southwest of the developed
portions of the City and the Bay. The POTW treats municipal wastewater, which is a mixture of
fresh and salt water, from domestic and commercial sources. The POTW has an average dry
weather design treatment capacity of 1.2 million gallons per day (mgd). The treated wastewater
is discharged 400 feet offshore into the Pacific Ocean at a depth of 130 feet, in accordance with a
National Pollutant Discharge Elimination System (“NPDES”) permit R4-2008-0028; NPDES
No. CA0054372), through an outfall located off Pebbly Beach Road, at approximately the half-
way point between the POTW and Avalon Bay (3°20.19° N, 118°18.40° W).

The collection system for the POTW consists of 7.1 miles of gravity pipes ranging from
6-inch to 15-inch in diameter, as well as 1.2 miles of 16-inch and 12-inch diameter force mains.
Major portions of the collection system are located in Crescent Avenue, adjacent to the Bay.
There are two sewer lift stations, the Catherine lift station and the Pebbly Beach lift station. The
collection system has recently undergone significant rehabilitation and replacement.

The City also owns and operates a municipal separate storm sewer system (“MS4”), The
MS4 consists of two main components:

(1)  Aflood control channel that drains Avalon Canyon.

(2) A network of street drains, roof drains, and subsurface pipes that collectively
drain the developed areas of the City.

The flood control channel, known as Clarissa Channel, discharges to the southwest corner
of Avalon Bay. The downtown drainage is divided into seven sub-drainages that discharge
through storm drains distributed around the perimeter of the Bay. To divert dry-weather flows
and the “first flush” of rain events to the POTW, the City has installed a series of low flow
interceptors at the Clarissa Channel and the Crescent Avenue storm inlets.

The main beach area of Avalon Bay has suffered chronic water quality problems, with
fecal indicator bacteria (“FIB”) concentrations frequently exceeding State and Federal guidance
criteria for marine bathing waters. Furthermore, water testing along the shoreline has revealed
the presence of several indicators of human waste, including human fecal-specific Bacteroidales
and human enterovirus.’ * A series of studies have implicated sewage contaminated shallow"
groundwater as a potential source of FIB in the nearshore region, which appears to enter the Bay
from the shoreline during falling tides.’® In response to these studies, the City has just
completed a comprehensive sewage collection system upgrade and replacement project. This
project is designed to correct leaks and historic deficiencies in the collection system. The project
was completed this year and it is believed that leaks from the collection system have been
stopped. As more fully described in this Compliance Plan, the City will implement programs to

address potential leaks from laterals leading to the collection system, which appear to require
corrections.
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Figure A.

AL

N . NP
Ocean % -

4
offshore

Monica

" B < “Breakviater

Rancho ~ % -
falos Verdes " long Y tole
Beach € -y » Breakwater
o 1 ; Pleasure
Avalon

Bay
Catalina
Island P——
10km

The Water Quality Control Plan for the Coastal Watersheds of Los Angeles and Ventura
Counties (“Basin Plan”) designates a range of beneficial uses for Santa Catalina Island,
including, as relevant to Avalon Bay, Water Contact Recreation (REC-1) and Non-Contact
Water Recreation (REC-2). In or about 1999, the County of Los Angeles began testing Avalon
Bay for FIB at 5 monitoring locations during the summer season (April 1 — October 31) in
accordance with Health and Safety Code section 115880, also known as AB 411. Despite a
variety of City programs and capital improvements designed to address the bacteria problem, the
AB 411 test results at the 5 monitoring locations frequently exceed the minimum bacteriological
standards for public beaches. As a result, beaches in Avalon have been posted as unsuitable for
water contact recreation. For these reasons, Avalon Bay is listed on the 2008/2010 Clean Water
Act section 303(d) impaired waters list as impaired due to indicator bacteria.

B. FIB TMDL Requirements.

In April of 2012, in connection with Cease and Desist Order No. R4-2012-0077 (the
“CDO”), the Los Angeles Regional Water Quality Control Board (“Regional Board”) adopted
the FIB TMDL. Under the federal Clean Water Act (“CWA?”), a Total Maximum Daily Load
(“TMDL”) is a calculation of the maximum amount of a pollutant that a water body can receive
and still meet the water quality standards established for that water body. A TMDL establishes
this maximum pollutant “load” and then allocates that “load” among the various sources of the
pollutant. Point sources receive a wasteload allocation and non-point sources receive a load
allocation. Through an implementation plan, these sources of the pollutant must reduce their
“loading” of the pollutant to achieve the requirements of the TMDL over a fixed period of time.

The FIB TMDL is based upon bacteriological water quality objectives for marine water
to protect the water contact recreational beneficial uses. The FIB TMDL therefore establishes
the following numeric targets for Avalon Bay:

Geometric Mean Limits

Total coliform density shall not exceed 1,000/100 ml.
Fecal coliform density shall not exceed 200/100 ml.

3-
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Enterococcus density shall not exceed 35/100 mi.

Single Sample Limits

Total coliform density shall not exceed 10,000/100 ml.

Fecal coliform density shall not exceed 400/100 ml.

Enterococcus density shall not exceed 104/100 ml.

Total coliform density shall not exceed 1,000/100 ml, if the ratio of fecal-
total coliform exceeds 0.1.

Using a “reference system/anti-degradation approach,” the FIB TMDL then translates
these numeric limits into wasteload allocations based upon the number of exceedance days that
may occur and still maintain the beneficial use. As the sole point-source discharger who is
subject to the TMDL, Avalon receives the entire WLA, to be achieved as follows:

o No exceedances of the numeric targets for discharges from the City’s
POTW.

o By June 30, 2015, there shall be no discharge from the City’s sanitary
sewer collection system resulting in detectable levels of the fecal indicator
bacterial identified as numeric targets in the FIB TMDL.

o By April 1, 2016, there shall be no allowable exceedances at any locations
during summer dry weather (April 1 to October 31).

o By November 1, 2016, compliance with the allowable number of winter
dry-weather exceedance days shall be achieved (November 1 to March
31). If daily sampling occurs, the allowable number of winter dry-weather
exceedance days is 9 for each monitoring site. If weekly sampling is
conducted, 1 allowable winter dry-weather exceedance day is provided.

o By November 1, 2017, compliance with the allowable number of wet-
weather exceedance days and geometric mean targets must be achieved. If
daily sampling occurs, the allowable exceedance days for wet-weather is

17. If weekly sampling is conducted, the allowable exceedance days for
wet-weather is 3.

C. Plan Objectives.

In accordance with paragraph 28 of the CDO, Avalon must submit a report by November
30, 2012 to the Executive Officer of the Regional Board, describing how Avalon intends to
comply with the above-described WLAs. The CDO provides that the report must include
implementation methods and proposed milestones (i.e., actions and dates) to track progress
toward achieving the WLAs by the dates established in the FIB TMDL (as summarized above).

This Compliance Plan is submitted to the Regional Board to satisfy the requirements of
paragraph 28 of the CDO. The objective of the Compliance Plan is to identify nonstructural and
structural best management practices (“BMPs”) that will assist the City in achieving the WLAs,

4-
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and to establish a schedule by which the City will implement those BMPs. The milestones
established in this Compliance Plan will track the City’s progress toward achieving the WLAs by
the dates established in the TMDL.

The Compliance Plan is based on a large body of existing and new scientific studies
related to Avalon Bay. Previous studies relied upon in the Compliance Plan include reports
based on scientific studies of Avalon Bay funded by the City and by the State of California Clean
Beaches Initiative,” 8 ° 1° research articles published from those studies,'’ 12 13 !* research articles
published by other reputable scientists who have studied the water quality problem in Avalon

Bay,' '° and relevant reports."’

In addition, the Compliance Plan is based on two recent studies performed by Stanley B.
Grant, Ph.D., and called for in paragraphs 34 and 35 of the CDO. These two studies address
bacterial loading from anthropogenic and non-anthropogenic sources and bacterial residence
times in shallow groundwater beneath the City.

! WRCC, W. R. C. C. htip://www.wrcc.dri.edu/cgi-bin/cliMAIN.pl?caaval+sca

2 Bogucki, D. J.; Jones, B. H.; Carr, M. E., Remote measurements of horizontal eddy diffusivity. Journal of
Atmospheric and Oceanic Technology 2005, 22, (9), 1373-1380.

3 Boehm, A. B. Y., KM_; Love, D.C.; Peterson, B.M.; McNeill, K.; Nelson, K.L., Covariation and Photoinactivation
of Traditional and Novel Indicator Organisms and Human Viruses at a Sewage-Impacted Marine Beach.
Environmental Science & Technology 2009, 43, (21), 8046-8052.

* Boehm, A. B. F., .A.; Mrse, R.D.; Grant, S.B. , Tiered approach for identification of a human fecal pollution
source at a recreational beach: Case study at Avalon Bay, Catalina Island, California. Environmental Science &
Technology 2003, 37, (4), 673-680.

5 See Boehm, A. B. Y., KM.; Love, D.C.; Peterson, B.M.; McNeill, K.; Nelson, X .1.., Covariation and
Photoinactivation of Traditional and Novel Indicator Organisms and Human Viruses at a Sewage-Impacted Marine

. Beach. Environmental Science & Techrology 2009, 43, (21), 8046-8052.

¢ See Boehm, A. B. F., J.A.; Mrse, R.D.; Grant, S.B. , Tiered approach for identification of a human fecal pollution
source at a recreational beach: Case study at Avalon Bay, Catalina Island, California. Environmental Science &
Technology 2003, 37, (4), 673-680.

7 Grant, S.B., R. Mrse, C. Jensen-McMullin, M. Bachman, A. Boehm, J. Fuhrman, B. Jones “Sources and mitigation
of water quality impairment in Avalon Bay, Catalina Island, California” Report submitted to the City of Avalon and
the State Water Resources Control Board Clean Beaches Initiative (March 27, 2006).

® Grant, $.B., R. Litton, L. Ho, M. Bailey, J. Monroe, S. Wuertz, L. Liu, “Avalon Bay Water Quality Improvement
Project, Catalina Island, California: A final report on Shallow Groundwater Characterization, Task B.1 of the Clean
Beaches Initiative Grant”, submitted to the City of Avalon and the State Water Resources Control Board (August 24,
2010).

? Grant, S.B., R. Litton, L. Ho, M. Bailey, J. Monroe, S. Wuertz, L. Liu, “Avalon Bay Water Quality Improvement
Project, Catalina Island, California: A final report on Pilot Disinfection Studies, Task B.2 of the Clean Beaches
Initiative Grant”, submitted to the City of Avalon and the State Water Resources Control Board (August 24, 2010).
' Grant, S.B., R. Litton, L. Ho, M. Bailey, J. Monroe, M. Bailey, “Avalon Bay Water Quality Improvement Project,
Catalina Island, California: A final report on Source Identification of FIB in Ankle Depth Waters in Avalon Bay,
Task B.3 of the Clean Beaches Initiative Grant™, submitted to the City of Avalon and the State Water Resources
Control Board (August 24, 2010). ’

I Bogucki, D. J.; Jones, B. H.; Carr, M. E., Remote measurements of horizontal eddy diffusivity. Journal of
Atmospheric and Oceanic Technology 2005, 22, (9), 1373-1380.

12 Boehm, A. B. F., J.A.; Mrse, RD.; Grant, S.B. , Tiered approach for identification of a human fecal pollution

source at a recreational beach: Case study at Avalon Bay, Catalina Island, California. Environmental Science &
Technology 2003, 37, (4), 673-680
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¥ Ho, L.C., RM. Litton, S.B. Grant, “Anthropogenic Currents and Shoreline Water Quality in Avalon Bay,
California”, Environmental Science & Technology 2011, 45, 2079-2085. ’

4 Bailey, MM., W. J. Cooper, S.B. Grant “In situ disinfection of sewage contaminated shallow groundwater: A
feasibility study” Water Research 2011, 45, 5641-5653.

" Boehm, A. B. Y., KM; Love, D.C; Peterson, B.M.; McNeill, K; Nelson, K.L., Covariation and
Photoinactivation of Traditional and Novel Indicator Organisms and Human Viruses at a Sewage-Impacted Marine
Beach. Environmental Science & Technology 2009, 43, (21), 8046-8052.

16 Maraccini, P.A., D.M. Ferguson, A.B. Boehm “Diurnal Variation in Enterococcus species composition in polluted
ocean water and a potential role for the Enterococcal Cartenoid in protection against photoinactivation”, Applied
and Environmental Microbiology, 2012, 78(2), 305-310.

17 Hamilton, P., “Avalon Canyon Ground Water Investigation, Santa Catalina Island”, a report prepared for the
Santa Catalina Island Company (SCIC) (October 18, 1999).
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SECTION 2. SOURCE ASSESSMENT AND LOAD REDUCTION OPTIONS

Avalon Bay has been the subject of significant technical study over the past decade.
These studies have focused on various potential sources of the bacteria in Avalon Bay. During
the summer of 2012, consistent with paragraphs 34 and 35 of the CDO, the City retained Dr.
Stanley Grant to perform additional studies of the potential bacteria sources at Avalon Bay. This
Section 2 of the Compliance Plan summarizes the existing science concerning the sources of FIB
in Avalon Bay and discusses load reduction options available to the City. These load reduction

options and how the City might implement them are then described in more detail in Section 3 of
the Compliance Plan.

A. Summary of Previous Scientific Studies.

In 2001, Avalon received a $500,000 grant from the State of California’s Clean Beaches
Initiative (“CBI”) to investigate the water quality problem in Avalon Bay. The study portion of
the grant was carried out between September and November 2001, and was led by Professors
Stanley Grant (UCI), Burt Jones (USC), and Jed Fuhrman (USC). The study had three goals:

(1)  Identify the physical location of FIB impairment in Avalon Bay.

2) Conduct microbial source tracking studies to identify potential sources of FIB in
Avalon Bay. .

A3) Characterize circulation in Avalon Bay.

The CBI study concluded the following:'

(a) Within Avalon Bay, FIB concentrations are highest in ankle depth water
along the shoreline. FIB concentrations in the water and sediment are
generally below detectable levels a very short distance (<10 m) bayward
of the shoreline. The source of FIB appears to be located at or near the
shoreline in Avalon Bay. Partially treated sewage discharged from the
POTW does not appear to be a significant source of FIB in Avalon Bay.

(b) Several land-side sources of FIB were identified, including bird and
animal fecal droppings, broken plumbing under wharf structures, run-off
from street wash down activities, and contaminated shallow groundwater.
Microbial indicators of human fecal pollution (including the human-
specific bacteria Bacteroides/Provetella and human enterovirus) were
detected at several locations in Avalon Bay, and in groundwater sampling
pits, suggesting that human sewage from leaking sewage collection lines
and laterals may contribute to water quality impairment of Avalon Bay.

(c) - A significant fraction of the water in Avalon Bay is exchanged with the
Ocean over a single tide cycle. Mixing in the Bay is sufficient to quickly
disperse contaminants introduced to the Bay, provided that the source of
contamination is not continuous. The region of the Bay impacted by the
storm drain (near the beach site called “Channel”) does not appear to have

65059.00204\7630634.6 -7-
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a circulation problem. Within one hour, pollutants released into this area
of the Bay are transported 200 to 300 feet into the Bay and diluted by a
factor of 100 or more.

In 2009, the City received a $1.35 million grant from the State of California’s Clean
Beaches Initiative for sewer inspection and repair, and to conduct follow-up water quality studies
led by Professors Stanley Grant (UCI), Stefan Wuertz (UCD), and Lanbo Liu (U. Connecticut).
The water quality studies were designed to:

(1)  Characterize the extent of the sewage-contaminated shallow groundwater beneath
2) Carry out a bench-scale pilot remediation study of sewage contaminated shallow

(3)  Identify sources of FIB in ankle-depth waters.

The study concluded the following:* * 4

During falling tides, brackish shallow groundwater below the City is
discharged to Avalon Bay near the Pleasure Pier, at Busy Bee Wharf, and
at Step Beach. Shallow groundwater sampled from wells installed near
Step Beach, and in front of the Busy Bee Wharf, had a number of
characteristics consistent with sewage contamination.

The groundwater beneath the City is brackish, and thus pilot studies were
needed to identify the best approach for the in situ disinfection of sewage-
contaminated groundwater. Of the different methods evaluated, the most
promising approach appears to involve the use of the chemical disinfectant
peracetic acid (PAA), which could be applied directly to sewage
contaminated sediments, or injected into areas where sewage leaks are
known or presumed to have contaminated the subsurface. Pump and treat
methods and permeable treatment barriers are less promising, because of
unresolved difficulties associated with mobilizing sewage-associated
bacteria and pathogens out of sewage contaminated sediments, and proper
placement of in situ filter media given the highly variable nature of
sewage contamination of the shallow groundwater.

Surficial beach sand appears to be contaminated with sewage-associated
markers at several locations around the perimeter of Avalon Bay,
including Pleasure Pier, Busy Bee, and Step Beach. Furthermore,
evidence is presented that at a few locations around Avalon Bay the
seepage face—which forms when water level in the Bay drops below the
shallow groundwater table—is contaminated with markers of sewage.



B. Summary of 2012 Bacterial Loading Studies.

Avalon has taken a number of steps over the years to reduce the loading of FIB to Avalon
Bay including:

(1)  Extensive repairs of the sewage collection system, including the expenditure of
$5.7 million on sewer line repairs in the past year alone.

) Strict control of black water (e.g., from toilets) discharges to the Bay from
pleasure craft, including mandatory dye tabbing of boat heads, and the one-year expulsion of
boaters caught discharging to the Bay.

(3)  Bird control efforts, including the stringing of fishing line near the shoreline.

(4)  Installation of low-flow interceptors to divert dry weather runoff to the sanitary
sewer system.

(5)  Modification of street wash-down procedures to reduce the flow of nuisance
runoff to the beach.

(6)  Repair of plumbing under docks and wharfs around the perimeter of Avalon Bay.

To date, these activities alone have not completely addressed shoreline water quality in
Avalon Bay, and thus additional efforts are proposed as part of this Compliance Plan. To assist
the City in the development of strategies to address the problem, paragraph 34 of the CDO
requires the City to conduct a study of bacterial loading to Avalon Bay from anthropogenic and
non-anthropogenic sources, including “but not limited to storm drains, boats, birds, the pier, and
other sources.” This Section 2.B of the Compliance Plan summarizes the studies the City carried
out during the summer of 2012 to satisfy this requirement.

1. Anthrepogenic Sources.

(a) Bay Side Plumbing and Other Laterals.

The FIB TMDL establishes separate WLAs for the different potential
sources of the bacteria (i.e., POTW or MS4/non-point sources) and for different combinations of
seasons and rainfall (i.e., summertime dry-weather versus wintertime dry-weather versus wet-
weather). Considerable effort and money are being devoted to improving POTW operations and
the collection system, and it is anticipated that the WLAs for the POTW and the collection
system will be achieved through those efforts. However, there is a risk that certain laterals that
connect to the collection system, particularly sewer laterals and plumbing near the beach
(collectively referred to here as “Bay Side Plumbing”), may continue to contaminate the shallow
groundwater and cause water quality exceedances in Avalon Bay.

To assess the degree to which Bay Side Plumbing may contribute to the
water quality problem in Avalon Bay, the artificial tracer sulfur hexafluoride (“SF¢) was
injected into selected toilets, sewer manholes, dry-weather diversion structures, and shower
drains located within 300 feet of the beach, and monitored over time in the shoreline waters of
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Avalon Bay. SF; is a non-toxic and non-reactive gas, and an ideal tracer of groundwater flow. Its
movement through groundwater is not retarded in porous media,” and it has been used for
decades as a tracer for mixing and gas exchange in a number of settings, including lakes, rivers,
and the open ocean. It has been used successfully in groundwater studies in California (Orange,
Los Angeles and Ventura Counties) that traced the movement of artificially recharged water
through groundwater systems 87

There are a number of advantages of using SF¢ as a tracer in the
subsurface. First, SF is more economical than most other tracers and, hence, more water can be
tagged, decreasing the probability that the tracers will pass undetected. Second, it does not
change the density of the tagged water, thus buoyancy effects do not complicate the
interpretation of the experimental results. Third, SFs does not degrade the quality of the water,
and at the concentrations utilized for groundwater the tracer causes no known adverse health
effects. Fourth, because it is a gas, SFs can be removed from water easily by aeration, and
detected by sensitive techniques, such gas chromatography.

The SFe study was conducted as follows. Twenty-two bottles containing
approximately 1 liter of SFe-charged rainwater were prepared by Dr. Jordan Clark at the
University of California, Santa Barbara and then transported by hand to the Avalon field site on
September 13, 2012. On September 13 at approximately 20:00 (8:00 PM) PST, SFe-charged
water was added to a total of 17 sites that drain to the City’s sewage collection system, including
12 sewer sites and 5 dry weather diversion sites (Figure C). The sewer sites included toilets and
sewer lines near the beach; the latter were accessed through sewer manholes. The diversion sites
were underground dry weather diversion structures near the main beach (accessed through storm
sewer manholes). Weather during the study was warm and dry, and field observations indicated
the dry weather diversion structures were functioning properly; i.e., nuisance runoff was not
entering Avalon Bay through the MS4 outlets. Thus, SFs added to the dry weather diversion
structures should have flowed directly into the sewage collection system. The 17 SFg release
sites were selected based on consensus discussions with City staff and water quality scientists

involved in the study, and collectively represented a comprehensive test of Bay Side Plumbing in
the City.
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Figure C.

SF6 Release Sites
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Following the addition of SFs, water samples were collected twice daily
(once in the morning and again in the evening) at approximately 25 sites distributed around the
perimeter of Avalon Bay (Figure D). These two sampling times followed the high-low tide
(morning sampling event) and low-low tide (evening sampling event). The first sampling event
commenced at 21:00 on September 13, approximately 1 hour after SFs was added to the Bay
Side Plumbing. Twice-daily sampling continued until the evening of September 17; a final
sampling event was carried out twenty-four hours later, on the evening of September 18. Water
samples were also collected from the influent of the City’s sewage treatment plant. These
sewage influent samples, which were collected to obtain a rough estimate of the concentration of
SFs in the sewage collection system, were collected approximately hourly for the first 12 hours
following addition of the SFs. Water samples from Avalon Bay and sewage influent were
collected into vacuum sealed containers, and shipped to UC Santa Barbara where they were
analyzed SFs by gas chromatography.
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Figure D.

Bay Sampling Sites
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The concentration of SF¢ in the influent of the City’s POTW was below
the detection limit for approximately 1.5 hours following the release of the tracer, peaked 1 hour
hour later, and steadily declined over the following eight hours (Figure E). Based on this result,
most SFs traveled relatively quickly (~ 2 to 8 hours) through the sewage collection system,
despite the fact that the Catherine Lift Station, which pumps sewage from the City of Avalon to
the sewage treatment plant, was turned off for the first hour following the SFg release (the lift
station was deliberately turneqd off to give the SFg time to leak out of the Bay Side Plumbing and
into the shallow groundwater, if such leaks exist). Based on the data presented in Figure E, C,=
500 pmol/L is a crude estimate for the concentration of tracer in the sewage collection system
within the first couple of hours following its release.
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Figure E.

SF6 at the POTW
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Of the 274 water samples collected from Avalon Bay, approximately 6%
(or 16 samples) tested positive for SFs. Although the location and timing of these SFg positive
samples varied throughout the study, some patterns are evident. Altogether, ten samples were
collected from each sampling site in the Bay. Roughly half of the Bay sampling sites (13 of 25)
had no samples testing positive for SFs. Nine sites had one sample testing positive for SFs, two
sites had two samples testing positive for SFs, and one site (between the Tuna Club and Yacht
Club) had three samples testing positive for SFs. Most of the positive samples cluster into one of
two groups, (Figure F). Eight SFs positive samples were collected from around the Tuna Club
and the Yacht Club. Four SFg positive samples were collected between the Mole and Clarrisa
Channel. The remaining SFs positive samples were collected at the Pump-A-Head facility (1

sample), Moor'mg Can P (2 samples), and Department of Health Services (DHS) sampling site
119 just north of the Pleasure Pier (1 sample).
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Figure F.

# SF6 Positive Samples
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To give a sense of the timing and concentration of SFs detected in Avalon
Bay, maps were prepared for each sampling date and time (Figures G and H). In these maps, the
SFg results are presented in terms of dilution D, which represents a crude estimate for how much
dilution occurred as SFg-labeled sewage leaked from the Bay Side Plumbing, mixed into the
shallow groundwater, and then mixed into the Bay: D = C,/C = (500 pmol/L)/C, wh